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and alteration of spent nuclear fuel (Buck et al. 1997 , Finch et al. 1999 . Krasovskaya et al. (1980) (Rastsvetaeva et al. 1999) . The IR spectrum and thermal behavior of this compound were later reported by Fedoseev et al. (2001) (Krivovichev et al. 2002b) .
As part of our ongoing studies of uranyl molybdates (Krivovichev & Burns 2000a , b, 2001a , b, Krivovichev et al. 2002a 
EXPERIMENTAL

Synthesis of the crystals
Crystals of the Cs uranyl molybdates used in the current study were obtained by high-temperature solidstate reaction. A mixture of 0.038 g of CsOOCCH 3 , 0.029 g of UO 2 (CH 3 COO) 2 •2H 2 O, and 0.029 g MoO 3 (molar ratio Cs:U:Mo = 2:1:2) was placed in a platinum crucible and heated to 850°C in air, followed by cooling to 400°C over 100 hours, and then to 50°C over 10 hours. 
X-ray data collection
Small crystal fragments of each phase were selected for data collection and were mounted on a Bruker threecircle diffractometer equipped with a SMART APEX CCD (charge-coupled device) detector. Data were collected using monochromatized MoK␣ X-radiation with frame widths of 0.3° in . More than a hemisphere of data was collected for each crystal, and the data were reduced using the Bruker program SAINT. Data were corrected for Lorentz, polarization and background effects. Unit-cell parameters were refined using leastsquares methods (Table 1) . Semi-empirical corrections for absorption were done with each crystal modeled as an ellipsoid; details are presented in Table 1 .
Structure solutions and refinements
Scattering curves for neutral atoms, together with anomalous-dispersion corrections, were taken from International Tables for X-Ray Crystallography, Vol. IV (Ibers & Hamilton 1974) . The Bruker SHELXTL Version 5 system of programs was used for the determination and refinement of the structures. Each was solved by direct methods, which gave the positions of the U, Cs and Mo atoms. Anions were located on differenceFourier maps calculated following least-squares refinement of the partial-structure models. Each structure was refined on the basis of F 2 for all unique data. Final refinements for each structure included all atomic positional parameters, with an allowance for anisotropic displacement of all atoms, and a weighting scheme of the structure factors. ) 2+ uranyl ions (Ur) with <U-O Ur > bond lengths of 1.80, 1.80 and 1.81 Å for U(1), U(2) and U(3), respectively. Each uranyl ion is coordinated by five O atoms arranged at the equatorial vertices of UrO 5 pentagonal bipyramids. The <U-O eq > (eq: equatorial) bond distances range from 2.33 to 2.36 Å, which is consistent with the value of 2.37(9) Å obtained for uranyl pentagonal bipyramids from numerous well-refined structures (Burns et al. 1997) .
There are three symmetrically independent Mo 6+ cations in the structure. The Mo(1) and Mo(3) cations are coordinated by four atoms of O located at the vertices of tetrahedra. The <Mo-O> distances for these tetrahedra are 1.75 and 1.76 Å, in good agreement with values in uranyl molybdates containing MoO 4 tetrahedra (Krivovichev & Burns 2001a, b) . The Mo(2) cation is in a strongly distorted coordination polyhedron containing five O atoms. It consists of four Mo(2)-O bond lengths in the range 1.71 to 1.89 Å, and one Mo(2)-O bond length of 2.27 Å. According to the bond-valence curves provided by Brese & O'Keeffe (1991) , the Mo(2)-O bond-length of 2.27 Å corresponds to 0.37 vu, and exclusion of this bond would result in serious deficiencies in the bond-valence sums incident at both of the Mo(2) and O(11) sites (Table 6) . A similar environment of coordination was found about the Mo 6+ cation in the structure of deloryite, where there are four Mo-O bonds in the range 1.71 to 1.88 Å, and one at 2.58 Å (Pushcharovsky et al. 1996) .
The structure of Cs 4 [(UO 2 ) 3 O(MoO 4 ) 2 (MoO 5 )] contains four symmetrically independent Cs cations. Cs(1) and Cs(4) are coordinated by nine O atoms, whereas Cs(2) and Cs(3) are each coordinated by ten O atoms within 3.8 Å.
Structural connectivity
The three UrO 5 pentagonal bipyramids are linked through a single vertex [O(14) ], resulting in a trimer of polyhedra that share edges (Fig. 1a) . The trimers share vertices, forming chains that extend along [010] . The Mo(2)O 5 polyhedra are attached to these chains by sharing edges with two uranyl polyhedra, and the chains are cross-linked by the sharing of vertices with the Mo(1)O 4 and Mo(2)O 4 tetrahedra, resulting in sheets that are parallel to (100).
The uranyl molybdate sheet in Cs 4 [(UO 2 ) 3 O (MoO 4 ) 2 (MoO 5 )] (Fig. 1a) has not been observed in any other structure. The sheet anion-topology, obtained using the method of Burns et al. (1996) , is novel (Fig. 1b) . The sheets are connected through Cs cations located in the interlayer (Fig. 2) .
RESULTS: CS 6 [(UO 2 )(MOO 4 ) 4 ]
Cation polyhedra
The structure of Cs 6 [(UO 2 )(MoO 4 ) 4 ] contains two symmetrically independent U 6+ cations, each of which forms part of an approximately linear (UO 2 ) 2+ uranyl ion (Ur). In contrast to Cs 4 [(UO 2 ) 3 O(MoO 4 ) 2 (MoO 5 )], each uranyl ion in this structure is coordinated by four O atoms arranged at the equatorial vertices of UrO 4 square bipyramids. The <U-O eq > bond lengths are 2.29 and 2.27 Å for U(1) and U(2), respectively, in good agreement with the average value of 2.28(5) Å given for (UrO 4 ) square bipyramids by Burns et al. (1997) .
There are six symmetrically independent Mo 6+ cations in the structure, each of which is tetrahedrally coordinated by four O atoms. The <Mo-O> bond lengths range from 1.75 to 1.77 Å (Table 5) . Nine symmetrically non-equivalent Cs atoms in the structure are coordinated by eight to ten atoms of O.
Structural connectivity
The ( Fig. 3a) that involve a central UrO 4 square bipyramid that shares all four of its equatorial vertices with MoO 4 tetrahedra. This is the first documented occurrence of this finite cluster in a uranyl compound (Burns et al. 1996) . The extended structure contains two symmetrically independent [(UO 2 )(MoO 4 ) 4 ] clusters. The cluster involving the U(1) cation (Fig. 3b) is non-centrosymmetric and is aligned parallel to (010) (Fig. 4) , whereas the cluster containing the U(2) cation is centrosymmetric, and is oriented parallel to (001) (Fig. 4) . There are twice as many clusters that contain U(1) as U(2).
The three-dimensional connectivity of the structure is provided by Cs cations located between the clusters (Fig. 4) . Burns et al. (1996) (Pushcharovsky et al. 1996) .
DISCUSSION
The compound Cs 6 [(UO 2 )(MoO 4 ) 4 ] is only the second uranyl molybdate structure that contains uranium in square bipyramidal coordination, the other being deloryite. The structure of deloryite involves uranyl square bipyramids linked through vertex sharing with MoO 5 polyhedra to form chains (Tali et al. 1993 , Pushcharovsky et al. 1996 .
Despite their similar formulae, 
